Substituting in (A. 13) one can obtain a sequence of values for £ which should con verge toward the exact value mentioned above. Listing these values side by side with the corresponding ones in the case of the body-centred cubic lattice we get This shows that signs of convergence in the sequence are not trustworthy and th a t the £ obtained by F may be as much as 25 % in error. In the case of the specific heat, the situation is even more serious. Curves of the type plotted in F, figure 2, are very commonly obtained by the use of approximate procedures (as shown in KW figure 8 ) without being indicative of the actual facts. Whether the singularity is of the type postulated in F is thus still an open question. The only conclusion which is certain is th at for other than 50 % composition the specific heat must remain finite because the low temperature curve is independent of composition.
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1.
In my paper (Fuchs 1942 , in the following quoted as F), criticized in the preceding remarks of Wannier, I was mainly concerned with the statistical properties for varying concentrations. For this reason I omitted to consider some special types of critical points, which are obtained in exceptional cases. I hope I shall be pardoned for omitting to mention these exceptional cases, since they went rather beyond the scope of my paper, and at the time I had no reason to suppose th at they were of special interest. However, in order to reconcile the results of Kramers & Wannier Vol. 181. A.
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K. Fuchs (1941, in the following quoted as KW) with my own, it is necessary to assume th a t one of these special cases represents the correct description of the critical region.
2. In comparing the results of the two theories a clear distinction must be made between facts which have been rigorously proved by the one theory or the other, and those which have only been obtained by approximate evaluation. I shall con fine myself first to the former, since this is the only way of settling the points in question.
Rigorous results are given by both theories on the question of a discontinuity in the heat content and the specific heat a t the critical temperature, which I shall briefly summarize. For brevity I shall refer to a continuous specific heat, if
vanishes. This does not necessarily imply th a t cv is finite.
3. The results of KW for two dimensions are: (а) If there is only one critical temperature, then there exist two possibilities; the heat content and the specific heat are either both continuous or both dis continuous.
(б) If there are two critical temperatures, then there exist three possibilities; either the heat contents and the specific heats a t both critical points are continuous, or the heat contents are both continuous and the specific heats both discontinuous, or the heat contents are both discontinuous and a t least one of the specific heats is discontinuous.
4. The results of my theory are: (а) The heat content is continuous. (б) The specific heat is discontinuous, unless either the specific heat is infinite, or the curvature of the heat content (as a function of the concentration) vanishes; in the latter case also the fourth derivative of the free energy vanishes, in addition to the curvature, which vanishes in any case. (If the fourth derivative did not vanish, the two-phase region would end a t the critical point in an infinitely narrow peak, a possibility which can probably be excluded.)
If there are two critical temperatures, the same results hold for the higher critical temperature and similar results for the lower one.
Combining the results of the two theories one finds: (i) The heat content is continuous under all circumstances.
(ii) I f there is only one critical temperature, the specific heat is also continuous; either it is infinite, or the curvature of the heat content and the fourth derivative of the free energy vanish.
(iii) If there are two critical temperatures, the specific heat is either discontinuous at both temperatures, or continuous at both temperatures; in the latter case either cv is again infinite, or the curvature of the heat content and the fourth derivative of the free energy vanish. I t should be noted th a t the theory of KW applies only to two dimensions. In the case of three dimensions the results may be different and only those listed under 4 can be stated with certainty.
6.
I wish to indicate now how in my theory the special cases arise in which the specific heat is continuous. I t will be convenient to employ the free energy A and the heat content E, rather than the 6r-functions, or better aande = E jN V The free energy and the heat content are symmetric in c and (1 -apart from a linear term which arises from the difference in the energy of the pure substances. The latter is immaterial for this discussion and may be omitted. The equation F (4-3), which determines the limit of solubility c may then be written in the form = 0 for = c.
(
1) dc
The temperature dependence of c is given by F (9-8); i.e.
Similarly the specific heat inside the two-phase region is obtained from F(9*12) and (9-13) L-
On the statistics of binary systems
In these equations the value of a function for c = c should always be taken by approaching the phase boundary in the region of solubility. The equations can of course be obtained simply by application of the two phase rule. But the derivation given in my paper is independent of the assumptions necessary for the application of th at rule. The only assumptions made are th at the change in volume with the concentration can be neglected, and th at the 4 cluster sums ' do not depend on the concentration.
At the critical point one has
With (4) it now follows immediately from (3) th at cv is discontinuous at the critical point, unless cv(c) is infinite or 32e/3c2 vanishes. In the latter case it follows from (2) th at 34a/3c4 vanishes, unless also dc/dE, vanishes.
7.
An exhaustive discussion of these special cases is beyond the scope of these remarks. An infinite specific heat gives rise to an interesting singularity; however, little can be said about it without further study. On the other hand, if the fourth derivative of the free energy vanishes, there arises the possibility of a second critical temperature, similar to th at studied by Mayer & Harrison (1938) for the critical region between the gaseous and liquid phase.
28-2
According to the general theory the phase boundary is either given by a singularity in the functions G(c,fi) or by the condition ,/?) = 1, which we may write in the form Let us assume th at the 6r-functions (and hence a) is regular below the critical temperature, so th a t c is given by (5). On the other hand, it is also given by (1); it follows th at c is a double root of the equation (1); a t the critical point the two double roots for the two phase boundaries coincide, so th a t (1) has a fourfold root at the critical point. This implies th a t the fourth derivative of the free energy vanishes.
Conversely, if the fourth derivative of the free energy vanishes, it is possible th a t the phase boundary is given by (5). In th a t case there must exist a second critical temperature, since it can be shown th a t (5) does not hold for low temperatures.
8. I agree with W annier's warning against accepting the results of numerical approximation a t their face value, as far as values near the critical point are con cerned. If a function is evaluated near, or a t a singularity by means of an expansion, there exists always the danger th a t the higher terms will eventually give a con tribution; the numerical results of my paper are certainly not sufficient to decide between the alternative possibilities which follow from the exact results.
The position is somewhat different a t low temperatures. There we have a splitting into two phases with a large potential barrier. I t is likely th a t in this case a partition function of the homogeneous mixture can be defined, which can be expected to be analytical throughout. I t will coincide with the total partition function in the regions of solubility. The 'singularity' in the free energy and the (r-functions, is then given by the joint between the two branches of the total partition function; but each branch separately has no singularity.
The discrepancy in the values for the critical tem perature may be due to in sufficient accuracy of my numerical results. Alternatively, if there are two critical temperatures, the figure of KW must be intermediate between the two. Since my figure corresponds to the higher of the two temperatures (or the lower value of £), the discrepancy is in the right direction.
9. The question whether the critical tem perature in the case of superstructure should be given by the same equations as in the case of a two-phase region, cannot yet be answered. The equations are derived by approaching the critical point along a phase boundary; this procedure destroys the equivalence of the two cases of equal but opposite interaction energies. The asymmetry in the equations for the critical temperature is therefore no accident.
In the case of a two-phase region, the first equation (4) for the critical tem perature follows from (1) and the second from symmetry. These two equations are equivalent with the equations Gx{c,P) = 1, G2(c,p) = 0.
In the case of superstructure the equation (1) does not apply and for the deter mination of the critical temperature we have to fall back on the general theory.
The latter, however, gives the two equations just quoted only as one alternative; the second alternative is a singularity in the (^-functions. If the first alternative is correct, it means th a t in the case of superstructure the (^-functions converge so badly th a t I failed to find the positive root £ of the equations (4).
10.
In the foregoing discussion I have not included the unpublished results of Onsager to which Wannier refers. Judging from W annier's remarks they do not appear to contain any statements in contradiction to the above conclusions, though they may conceivably settle some points which have been left open. A ttention is drawn to the difference in behaviour of hydrogen and platinum phthalocyanines, which is probably due to the increased space required by the platinum atom s as the temperature rises, compared with the hydrogen in hydrogen phthalocyanine.
Apparatus described includes a new design of furnace, suitable for use with various X -ray cameras for single crystal work, and a m oving film oscillation camera, which uses the m ultiple exposure principle to determine small changes in lattice spacing with high relative accuracy.
I n t r o d u c t i o n
Measurements of thermal expansion by X-ray powder photographs have in some cases attained a high degree of accuracy. Although there is still considerable scope for extension of the work ontsimple crystal lattices {Annual Reports 1939), powder technique is unsuitable for complex crystals, where the richness of the diffraction pattern frequently makes the interpretation of powder photographs ambiguous. Furthermore, sufficient intensity of reflexion from small spacing planes cannot be obtained from complex crystals in powder form, without very special technique.
In connexion with work on the hydrogen bond in oxalic acid dihydrate (Robertson
